Extract
The plasma concentrations of calcium, inorganic phosphorus, and magnesium were studied during the early postnatal period in a rodent (rats), in ruminants (lambs and calves), and in foals. Decreases in plasma calcium after birth were observed only in newborn rats and foals. In rats the postnatal fall in plasma calcium level was already evident 1 hr after cesarean section (9.20 mg/100 ml) as opposed to 11.90 mg/100 ml in utero) and reached a nadir within 6 hr (-4.05 mg/100 ml). Newborn foals showed a small decrease in plasma calcium (-0.73 mg/100 ml) 48 hr after birth. In the four species, plasma inorganic phosphorus increased in the days after birth; plasma magnesium levels were only slightly affected over the first week of life. In ruminants and in foals, the high plasma calcitonin levels were not always related to plasma calcium, nor with plasma inorganic phosphorus over the first week of life. Newborn calves showed a t birth detectable levels of plasma parathyroid hormone, similar to those found in their mothers, with individual values ranging from 0.80-3.50 ng/ml. These results are discussed in light of the well known early neonatal hypocalremia crclrrring in normal hemar! nevhorns.
Speculation
The parathyroid status a t birth is species dependent. In some species, it has been suggested that in utero, high plasma calcium levels inhibit the parathyroid function before birth, but other unknown factors may be involved in this suppression. The maturity of the renal cortex adenyl cyclase activity in the early postnatal period is also species dependent and the degree of renal immaturity is not sufficient to explain the postnatal increase in plasma inorganic phosphorus.
Hypocalcemia is well known to occur in human neonates but is . . strangely unreported in animals. It has been postulated that hyperphosphatemia per se, transient hypoparathyroidism, and/or endorgan unresponsiveness might explain the early postnatal de-crease in plasma calcium. Craig and Buchanan (13) stated that hypocalcemic tetany per sc occurring within 36 hr after birth in human neonates should be regarded as an exaggeration of a normal physiologic state. The studies of plasma calcium levels in maternal and fetal blood (7, 14, 15, 40) suggested the presence of active transport across the placenta. The sudden cessation of this source of calcium may contribute to the development of neonatal hypocalcemia. In the first 2 days of extrauterine life, the serum calcium in full term newborns physiologically decreases to levels between 8 and 9 mg/100 ml. A more pronounced postnatal decrease of the serum calcium is defined as a pathologic neonatal hypocalcemia.
in newborn rats it has been shown that plasma calcium concentration decreased after birth (18. 34), but in the newborn of some ruminant species the plasma calcium level was not changed in the first few days after birth (5).
In the present paper we have studied the interrelations between plasma calcium, inorganic phosphorus, and magnesium in the newborns of different species to draw some indications about the etiology of physiologically early postnatal decrease in plasma calcium level.
MATERIAL A N D METHODS

ANIMALS
Newborn rats from pregnant females of the Sherman strain were used. In our colony. delivery takes place after 22 days of gestation. Two kinds of newborns were studied. ( I ) Newborns were delivered by cesarean section at 21.5 days of gestation. These fasted newborns were kept in a Humidicrib at 37' for 8 hr (70% of relative humidity) and remained unfed during the whole experimental period; blood parameters were studied from 1 8 hr after birth. (2) Naturally delivered newborns were kept with their mother and were allowed to nurse naturally. These animals were studied from 12 hr after birth over the first week of life.
Nine newborn foals staying with their dams were suckling maternal milk. They were born from 7-year-old Comtoise mares carrying their third or fourth pregnancy. Six newborn lambs were also included in this study, born from Charmoise ewes; they were allowed to nurse naturally. Three newborn calves from 5-year-old Jersey cows were also used.
BLOOD SAMPLING
Blood was drawn in newborn rats through an incision across the axillary vessels after careful cleaning of the axillary region. In newborns from other species blood was sampled by puncture of the external jugular vcin. In samples intended for hormone assays blood was collected in heparinized polyethylene tubes cooled in ice water, and containing the anti-protease, lniprol (46) to inhibit enzymatic breakdown of calcitonin and parathyroid hormone. After centrifugation at 4O, the plasma was frozen at -20' until hormone assays.
BIOCHEMICAL ANALYSIS
Plasma calcium and magnesium levels were measured by atomic absorption spectrophotometry (Perkin-Elmer 303). Plasma inorganic phosphorus was estimated calorimetrically ( I I).
Plasma calcitonin (CT) in foals, lambs, and calves was measured by radioimmunoassay using a porcine system already described in detail (25. 27). This system involved purified porcine C T labeled with '"1 according to the Chloramine-T method of Hunter and Greenwood (32) by the C.N.T.S. (Centre National de Transfusion Sanguine, Paris. France) and antibodies raised in guinea pigs against partially purified porcine CT. Plasma C T in lambs were measured using GP9, antiserum which has been shown highly specific for pure ovine C T and the results were expressed in nanograms of ovine C T per ml plasma (25). Plasma C T in newborn foals and calves was estimated using GP2, antiserum which cross-reacted with equine and bovine C T (27) and the results were expressed in nanograms equivalents of porcine C T per ml plasma. Incubations were done in an equilibrium system at 4' for 6 days. Phase separation was performed using powdered hydrated magnesium silicates. The sensitivity of the assay was 100 pg porcine CT/ml of plasma.
Plasma parathyroid hormone (PTH) in newborn calves was estimated by radioimmunoassay (23). Pure 1-84 bovine P T H was labeled with I Z S I or used as a standard. An antibody was raised in a goat against 1 8 4 bovine PTH which was shown directed to the carboxyterminal part (35-84) of the molecule. The tubes were incubated in an equilibrium system for 6 days at 4' and the separation of bound from free labeled hormone was carried out using plasma-coated charcoal. The sensitivity of this assay was 300 pg/ml plasma.
RESULTS
NEWBORN RATS
Unfed newborns delivered by cesarean section showed a sharp decrease in plasma concentrations of calcium and inorganic phosphorus within 2 hr after birth (ACa = -3.00 mg/100 ml: APO, = -3.60 mg/100 ml). Maximal hypocalcemia was reached 6 hr after birth whereas maximal hypophosphatemia was apparent 4 hr after birth. The plasma calcium level increased significantly 8 hr after birth in the fasted newborns ( Fig. 1 ) and the plasma inorganic phosphorus level was increased 6 hr after birth in the same animals ( Fig. 1 ). Suckled newborn rats have low concentrations of calcium and inorganic phosphorus 12 hr after birth but reached stabilized levels 36 hr postpartum (Fig. 1) . A slight decrease in the plasma magnesium level was observed in newborns delivered by cesarean section; 12-hr-old suckled newborns exhibited an increase in the plasma magnesium level, and over the first week of life the plasma magnesium concentration remained stable (Fig. I ).
NEWBORN FOALS
At birth the plasma calcium level was greater in the newborn than in the mother (12.20 i 0.19 vs. 11.54 & 0.21 mg/100 ml; P < 0.05). A slight hypocalcemia (-0.73 mg/100 ml; P < 0.025 occurred in the 48 hr after birth (Ficg. 2); thus maternal and newborn levels were not different. In 7-day-old newborn foals the plasma calcium level was also greater than in the mothers. The plasma inorganic phosphorus concentration in the 0-day-old newborn was greater than in the mother (4.47 i 0.21 as opposed to 2.39 & 0.28 mg/100 ml: P < 0.001) and this level increased sharply over the first week of life ( P < 0.005) (Fig. 2) . The plasma magnesium concentration in newborn foals did not change over the first week of life (Fig. 2) ; however, the plasma magnesium level in the 2-day-old newborn was greater than in the mother at the same time (1.72 0.06 vs. 1.47 0.05 mg/ 100 ml; P < 0.01). From birth to the sixth day postpartum, the mean plasma C T levels were greater in foals than in mothers, but at each stage studied the difference was not significant. Over the first week of life the plasma C T level in newborns was not changed (Fig. 2) .
NEWBORN LAMBS
From 24 hr to 6 weeks after parturition the plasma calcium and the plasma inorganic phosphorus concentrations were greater in the lamb than in the mother (Fig. 3) . A 2-fold increase in plasma inorganic phosphorus occurred between 0 hr and 3 weeks after birth in the lamb and a small but significant increase (0.7 mg/IOO ml) was also observed in plasma calcium concentration. In ewes. the plasma calcium and the plasma inorganic phosphorus concentrations were slightly increased 6 weeks after parturition: the plasma magnesium level remained constant over the same period. The plasma magnesium concentration was found to be lower in the lamb than in the mother at birth; this small difference was still evident 3 weeks afterwards but was absent 6 weeks after parturition. A significant increase in the plasma magnesium level (0.34 mgjlOO mi) was observed in the iamb 24 hr after birth but t h~s level was reduced ( 0 . 3 6 mg/ I00 ml) 1 day later. A sharp increase in the plasma C T level was observed in ewes for the 3 weeks after parturition during lactation (Fig. 3 ) but values fell 3 weeks later. At birth the level of C T in the plasma was very high in the lamb (8.10 * 2.05 ng/ml vs. 1.85 * 0.55 ng/ml in the mothers; P < 0.025) and then decreased 4 hr afterwards (3.80 ng/ml) but returned to its initial value 24 hr after birth (8.37 ng/ml). Before weaning this C T level was unchanged.
NEWBORN CALVES
The plasma calcium level in newborn calves increased between 0 and 2.5 days after birth (2.00 mg/100 mg) and then decreased significantly on day 5 (Fig. 4) . The plasma inorganic phosphorus concentration was also increased after birth (2.50 mg/100 ml between day 0 and day 2.5; P < 0.05). Detectable plasma PTH
range 0.60-3.50 ng/rnl) since the assay can detect values equal or higher than 0.30 ng/ml. These levels were similar to those found in mothers during the same period. There was no significant change in means of plasma PTH concentrations from newborn calves during the period studied (Fig. 4) after birth (Fig. 4) . PTH hormonal patterns were very different from one calf to another. In one animal plasma PTH level decreased I I hr after birth from 3.50 ng/ml to 1.30 ng/ml before the increase in plasma calcium concentration and remained low during the first week after birth. In a second calf the plasma P T H level which was 1.50 ng/ml at birth decreased to 0.90 ng/ml within 6 hr and then increased to 1.90 ngJml48 hr after birth in spite of an increase in plasma calcium concentration. In newborn calves studied there was no negative relation between plasma calcium and P T H concentrations. It may be possible that plasma P T H levels were related to plasma magnesium concentrations, but unfortunately magnesium levels were not measured. Better relations were observed in individual animals between plasma calcium and C T concentrations so that an increase in plasma calcium was associated with an increase in plasma CT.
DISCUSSION
In general plasma C T levels were greater in newborns than in their mothers, such as in newborn lambs and foals, but the mean concentrations were never related to plasma calcium or to plasma inorganic phosphorus. In calves, newborn and mother plasma C T values were not different since these cows developed at parturition a fall in plasma calcium and inorganic phosphorus concentrations associated with a rise in plasma C T which were already described elsewhere (22, 23). High C T levels were also described in human newborns (8, 3 1). Factors which control the high plasma C T level in the newborn are poorly understood. It has been shown that calcium given orally (10 mg Ca/kg body weight) in the I-hr-old fasted newborn lamb did not change the plasma calcium concentration but increased plasma C T I hr later (6). However, gastrin, a well known potent C T secretagogue in adults, which was found active after weaning in lambs (3). remained ineffective before weaning at a dose of 2 pg/kg body weight in the I-hr-old fasted newborn lamb (6). The rise in plasma C T concentration associated with a drop in plasma calcium and inorganic P concentrations, 60 and 90 min after cholecystokinin-pancreozymin (CCK-PZ) injection in the 20-min-old fasted newborn lamb demonstrated an increase in C T release (4). In suckling newborn animals, the release of CCK-PZ might be stimulated as in adults (45) by a lipid-rich diet such as colostrum and milk. Thus the duodenal hormone CCK-PZ seems able to play the main role in the regulation of postprandial nutrient absorption by increasing C T release in the newborn animals (24).
The finding reported in this paper of detectable levels of PTH (similar to those found in adults) in newborn calves soon after birth indicated that parathyroid function in this species was not depressed. The parathyroid status in calves and rhesus monkey during the early postnatal period seems to be closed since the latter have been shown to exhibit detectable levels of PTH within 24 hr after birth (17). In contrast, in the majority of normal human newborns, the serum immunoreactive PTH levels were undetectable or low during the first 48 hr of life (14).
In light of these resu!ts it is useful to briefly review previo~usly published works, in which attempts were made by a variety of means to assess parathyroid function during fetal life in mammals. Several reports based on histologic observations have claimed the functional activity of the fetal parathyroid glands in humans (2, 9, 37) and in rats (2, 30, 33, 42) . In virro studies, lacking the fetal "milieu interieur" which is quite different from that found in adults. strongly suggest that early during embryonic life and throughout fetal life secretory activity is present in human, sheep, and guinea pig parathyroid glands (29, 41). as indicated by the ability of the glands to induce bone resorption. Further evidence for the presence of parathyroid hormone in the fetus is that a fall in plasma calcium occurs in the rat fetus after thyroparathyroidectomy or the injection of anti-bovine PTH serum (19, 38, 39) which is corrected by parathormone (PTE) injection (26). Furthermore, thyroparathyroidectomy in rat fetuses delayed the recovery from EDTA-induced hypocalcemia (20). It has also been shown that thyroparathyroidectomy in rat fetuses induced a decrease in the plasma magnesium level (21) (43) and Care el al. (lo), who demonstrated increased levels of plasma immunoreactive PTH in sheep fetuses at the end of gestation in response to EDTA-induced hypocalcemia. In this regard, the work of Fleischman er a/. (17) in rhesus monkey is in contrast, since in this species the fetus does not respond to EDTA infusion by an increase in the plasma PTH level.
It is well known that in mammalian fetuses, the plasma calcium level at the end of gestation is higher than in the mother. Higher ultrafiltrable and ionized plasma calcium concentrations have been observed in the fetus than in the mother (7, 14, 15, 40) . The findings of undetectable or low immunoreactive plasma P T H levels in sheep (10.43) and rhesus monkey fetuses (17) as well as in cord blood of human newborns (14) strongly suggest that in these three species parathyroid hormone secretion is turned off: but the work in rhesus monkey indicates that the high plasma calcium level is not the (sole) factor involved in this suppression. By contrast, in rat fetuses, even fetal plasma calcium depends primarily on the rate of calcium transfer across the placenta, several lines of evidence suggest that parathyroid glands also contribute to the maintenance of fetal plasma calcium.
T o summarize, it can be concluded that the parathyroid status in the neonatal period is specific to the species studied and that it will be hazardous to generalize the results obtained in one species to the different species. Furthermore, the cause of the inhibition of fetal parathyroid hormone secretion at the end of gestation in some species remains obscure.
From the present findings and in the different species studied so far, the postnatal increase in plasma inorganic phosphorus is a general pattern. This elevation was attributed by some authors to a low renal excretion of phosphates during the postnatal period, or it may be the result of a transient hypoparathyroidism, and/or to the end-organ unresponsiveness to P T H . In sheep fetuses near term it is well known that the tubular reabsorption of phosphate (TRP) is high, but parathyroid extract injection decreases the T R P and increases the phosphate clearance ( I , 44). Moreover, EDTA infusion in sheep fetuses, which increases the plasma immunoreactive P T H level, induced a stimulation of phosphate clearance (43) . These results indicate that renal cortex adenyl cyclase responds to PTH in utero in sheep fetuses near term. In vitro experiments have 1 shown that adenyl cyclase of renal cortex homogenates from 27 days to term rabbit fetuses is stimulated to the same extent as adult extracts by P T H (36). In rats. the basal renal adenyl cyclase i activity was highest on the third day after birth and then declined to very low levels from the fifth day; parathyroid hormone ; produced a marked stimulation of the homogenate adenyl cyclase activity from 1 to 5 days after birth (28).
It is well known that in I-day-old human newborns phosphate I excretion and clearance are low but rise significantly on the third day (12). A 50-fold increase in phosphate excretion and a 30-40-fold increase in phosphate clearance was observed by Linarelli (35). The glomerular filtration rate is known to increase between daps 1 and 3 and this rise could mainly explain the rise in phosphaturia since T R P slightly decreases during this period in the human neonate. Thus, T R P cannot explain the significant rise in plasma inorganic phosphorus on the third day (14). The increase in phosphate excretion and clearance and the decrease in T R P induced by PTE injection in human newborns is higher on the third day than on the first day (12. 35). It has also been demonstrated that basal and PTE-stimulated urinary cyclic A M P is higher on the third day than on the first day (35). This indicates that renal sensitivity to PTH increases progressively after birth in human neonates. The increase in parathyroid activity observed in normal newborns after 48 hr of life (14) is consistent with the increase in phosphate excretion and urinary cyclic A M P reported by Linarelli (35).
The association in the human newborn of hypocalcemia (shifts in total and ionized calciunl) and hyperphosphatemia have sug- The postnatal variation of ChE activity is most pronounced in the RA of the heart in both species. The average AcChE activity in the RA of the newborn puppies is 0.51 IU as compared with 2.27 IU in newborn infants. In the adult heart, however, the average atrial AcChE activity is nearly identical (1.02 IU) in both species.
An additional difference is the large (34-6470) contribution of butyrylcholinesterase (BuChE) to the total activity in dog hearts whereas the contribution of BuChE is small (7-15%) in human hearts.
Speculation
The relative AcChE activities and the distribution of this enzyme seem to follow the vagal innervation of the various parts of the heart. The low enzyme activities observed in the newborn puppies correlate well with histochemical and functional studies indicating incomplete development of the vagal innervation of the heart in this species a t birth. In newborn babies, however, the vagal innervation of the heart is reportedly fully developed and the heart is markedly sensitive to vagal stimuli. The high AcChE activity present in the human heart at birth is compatible with these observations. Moreover, a decline of AcChE activity with age may represent a postnatal maturation process of the parasympathetic system of the heart which has not yet been appreciated.
Cholinesterases, the enzymes which inactivate acetylcholine. appear in the myocardium early during fetal development and precede the innervation of the heart (17). Although the ontogenesis of these enzymes has been well reviewed and it has been shown that full C h E activity in the heart is present at birth, postnatal changes in the actual enzyme levels per se have not been adequately investigated. Recent studies indicate that autonomic innervation of the cardiovascular system is far from complete at birth and, depending upon the species, maturation of the innervation continues in the postnatal period (2. 16. 25). In an attempt to investigate the development of the autonomic control of the heart and its clinical implications, we decided to analyze the cholinesterase levels as related to age in different parts of the heart in humans and dogs. In this presentation, we wish to report significani specirsand age-related differences in the distribution of the cholinesterases in the heart.
MATERIALS AND METHODS
Myocardial tissue from 25 dog hearts and 25 human hearts form the subject material of this study. Twenty-five dogs ranged in age from 1 day to adult. Most o f t h e animals were used for open-chest physiologic study; some littermates in the first 3 weeks of life were killed specifically to obtain myocardial tissue for chemical analysis. Human heart tissues were obtained from autopsied material at the Cook County Coroner's morgue and they ranged in age from I week to adult. There were 2 1 infants: 15 had died of sudden infant death syndrome (SIDS) and 6 of trauma. Four adults who died of trauma were also included. Specimens were obtained from right and left atrial appendages, and from the anterior wall of the right
